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In this paper, we analyze the inflationary cosmology using string field theory. This is done by
using the zero level contribution from string field theory, which is a non-local tachyonic action. We
will use the non-local Friedmann equations for this model based on string field theory, and calculate
the slow-roll parameters for this model. We will then explicitly obtain the scalar and tensorial
power spectrum, their related indices, and the tensor-to-scalar ratio for this model. Finally, we use
cosmological data from Planck 2013 to 2018 to constrain the free parameters in this model, and find
that string field theory is compatible with them.
I. INTRODUCTION
It is possible to study second quantization of string theory, and this quantum field theory of strings is known as
string field theory. At a perturbative level this can be done by finding suitable vertices for string interactions along
with string propagators [1, 2]. Thus a diagram analogous to the usual Feynman diagrams in quantum field theory can
be constructed for string scattering amplitudes, using string field theory [3, 4]. It may be noted, that these Feynman
like diagrams for string field theory can be constructed using second quantized string action, which is constructed using
the free string action, along with interaction terms. However, it is also possible to obtain non-pertubative information
about string theory using string field theory. This is because it is possible to calculate the off-shell amplitudes from
string field theory using the second quantized action [5–8]. This information cannot be obtained from the standard
genus expansion of string scattering amplitudes. Thus, it is possible to use string field theory to obtain interesting
non-trivial information about string theory, which goes beyond string perturbation theory.
It may be noted that even though the string field theory has tachyonic instability, it is possible to analyze it using
tachyonic condensation [9]. In tachyon condensation, the system with a tachyonic instability can becomes stable near
a minimum. Such condensation in string field theory has been used to analyze a system of coincident brane and
anti-brane pair with a tachyonic mode, and it has been observed that this system has a configuration with zero energy
density and spacetime supersymmetry [10]. This is because it has been demonstrated that at the minimum of the
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2tachyonic potential, the sum of the tension of the brane and the anti-brane cancels the the negative energy density
associated with the tachyonic potential. It may be noted that string field theory has been used to study tachyon
potential on a D-brane anti-D-brane system in type II string theory. It has been demonstrated that the potential
in this case in arbitrary background has a universal form, and it does not depend on the boundary conformal field
theory describing this system [11]. A classical time dependent solutions for a tachyon on unstable D-branes has been
constructed using string field theory [12]. Even though the action in string field theory contains infinite number of time
derivatives, it has been possible to obtain a time dependent solution for this tachyon. This solution is characterized
by initial values of this system. The string field theory has also been used to unstable branes in the background of a
generic linear dilaton [13]. It is possible to obtain a non-pertubative tachyonic vacuum from the perturbative vacuum
for this system. This is because the open string tachyon can increase exponentially along a null direction producing
a static state. Thus, it is possible to dynamically obtain a tachyon vacuum in string field theory from a perturbative
vacuum.
The tachyon condensation has also been studied in string field theory action with a large background field [14]. It
has been demonstrated that for string field theory on a background field, the product of tachyon field is given by the
star product in noncommutative geometry [15]. In fact, it has been demonstrated that noncommutative geometry can
be realized in string field theory using such mechanisms [16, 17]. In string field theory, there are infinite number of
fields, and the action for each of those fields can contain non-local terms. It has been explicitly demonstrated that the
action for zero level of bosonic string field theory is non-local and contains a tachyonic field [18, 19]. The instability
of the D-brane in this system are described by this tachyonic field. The nonlocality in the action is obtained from the
exponential of the dAlembertian. This nonlocal action has been used to study the spontaneous symmetry breaking in
such theories [18]. It has also been demonstrated that such a infinite derivative non-local theory can be made ghost
free, but the Green functions for such non-local theories would modified by an extra term [20]. Even though it can
cease a causal effects, those effects would be confined in the region of non-locality.
The non-local tachyonic action in string field theory has been used to construct a cosmological solution [21]. The
equations of motion for this system are obtained using the HamiltonJacobi formalism. Thus, Friedmann equation
are obtained from this non-local tachyonic field in string field theory. It has also been observed that a general class
of non-local cosmological model can be obtained from string field theory [23]. In fact, the Friedmann equations for
such non-local cosmological models has been studied, and it has been demonstrated that these solutions contain a
non-singular bouncing solution. As the absence of singularity cannot be a perturbative effect, these non-local solutions
obtained from string field theory, can produce important non-perturbative modifications to the cosmological solutions.
It may be noted that it has been observed that non-localities in a cosmological solutions can produce an accelerated
expansion of the universe [24, 25]. Thus, such non-localities can have important cosmological consequences. As
string field theory has been used to construct interesting cosmological solutions, it would be interesting to investigate
inflation in string field theory.
This is because inflation is able to resolve the flatness, monopole and horizon problems [26–33]. Remarkably,
inflation also gives an explanation for the temperature fluctuations in the cosmic microwave background (CMB), that
can be understood as being originated by quantum fluctuations that are stretched out to super-horizon scales and then
frozen [34]. Moreover, inflation also explains the large-scale structure formation [35]. Inflation is usually understood
with a scalar field, called the inflaton, which drives the acceleration. When inflation finishes, the inflaton begins to
oscillate around the minimum of its potential, and then, its energy density is converted into radiation. When this
happens, a reheating phase occurs [36–38]. So, as the inflationary cosmology resolves several cosmological problems
[39, 40], it would be interesting to study it in string field theory. It may be noted that inflation has been thoroughly
studied in string theory [41–45]. In fact, fibre inflationary cosmology has been explicitly constructed in type IIB string
theory [46, 47]. In these models, the inflaton is a Kahler modulus, and it controls the size of a K3 divisor fibred a
P 1 base. String inflation has also been studied using string gas cosmology [48, 49]. In this model of inflation, the
string theoretical degrees of freedom are incorporated in a model of inflationary cosmology cosmology. This is done
using T-duality of the string theory. Furthermore, we note that inflation with tachyon potential has been studied in
string theory [50, 51]. It has been demonstrated that inflation with such a tachyonic field can solve the smoothness
and flatness problems [52]. Inflation in string theory has also been studied by compactifying a bosonic string theory
on an internal non-flat space [53]. In this model, the tachyon potential behaves as the cosmological constant. Thus,
tachyons in string theory can also have important application in inflationary cosmology. So, in this paper, we will
study inflationary cosmology from the non-local tachyonic action produced in string field theory.
It may be noted that inflationary cosmology has also been studied using non-local Starobinsky gravity [54]. It has
been demonstrated using this non-local model provides a mechanism for creation and thermalization of the matter.
This model also fits with the observational spectrum of primordial perturbations. In fact, it has been demonstrated
that the inflation in these non-local models is driven by both the gravitons and the scalarons. It may be noted that
magnetogenesis during inflation has been studied by using a non-local action [55]. It has been demonstrated that this
non-local action incorporates the long distance fluctuations at the inflationary scale. It has been observed that the
3sign of the beta function can have important consequences for this behavior of this system. It may be noted that
non-local field theories, with infinitely many derivatives have also been used to study different aspects of cosmology
[56–59]. These theories resemble the component action obtained from string field theory, as the action obtained from
string field theory can be written using a star product. This star product will smear the interactions for component
fields [60, 61]. This will produce non-local interaction terms in the action of those component fields. However, these
component fields can be redefined to obtained actions, with the usual interaction terms and non-local kinetic terms
[62, 63]. Inflation in such theories, with infinite derivatives has also been studied [64, 65]. As it is possible to obtain
a non-local tachyonic action from string field theory, and non-local inflationary cosmology can produce important
results, we will study inflation using the non-local tachyonic action obtained from string field theory. Then we will
examine the accuracy of the theoretical preditions of the model with Planck observational data [66–69].
This paper is organized as follows: In Sec. II we give a brief introduction to non-local string field theory and the
corresponding FLRW cosmological equations. Then we will study the inflation in three steps: first, in III we show
how to derive the slow-roll parameters; then, in IV we find out the expressions for the power-spectrum, tensor spectral
index and the tensor-to-scalar ratio. Finally, we use these expressions in the last subsection V to constrain the free
parameters using recent data from Planck data set. We conclude our main results in Sec. VI. Throughout this paper,
we use natural units where c = G = 1 and the metric signature (−+++).
II. NON-LOCAL STRING FIELD THEORY AND FLRW COSMOLOGY
In this section, we will discuss the construction of a cosmological model based on string field theory. To do that we
will first review the construction of string field theory. This theory is based on second quantized strings, and it can
be constructed using a string field |Ψ〉 . This string field can be express as a sum of the amplitudes for the string to
be in the various basis states. The zero level for this string field corresponds to the tachyonic field. Now in the world
sheet string theory, the Becchi-Rouet-Stora-Tyutin (BRST) charge Q projects out the physical states as
Q |Ψ〉 = 0. (1)
This can also be written as the following equivalence relation, |Ψ〉 ∼ |Ψ〉 + Q |λ〉. After second quantization, this
equivalence can be interpreted as a gauge invariance, and the projection of physical states can be interpreted as
equations of motion. Now the free action for free string field would be of the form 〈Ψ|Q |Ψ〉 /2, where 〈Ψ| is the BZP
dual of |Ψ〉. An interaction term 〈Ψ,Ψ,Ψ〉/3 can be added to this free action. This term is a trilinear map which
projects three string fields of total ghost number three to a number. Now motivated by noncommutative geometry,
one can define a star product [19], satisfying the associativity property,
Ψ1 ∗ (Ψ2 ∗Ψ3) = (Ψ1 ∗Ψ2) ∗Ψ3 . (2)
The BRST charge now acts as a graded derivation on this star product, namely
Q(Ψ1 ∗Ψ2) = (QΨ1) ∗Ψ2 + (−1)gn(Ψ1) ∗ (QΨ2) , (3)
where gn(Ψ1) is the ghost number of Ψ1. Then, it is possible to write the action of string field theory using a star
product as follows [19]
S =
∫
1
2α′
Ψ ∗QΨ+ g
3
Ψ ∗Ψ ∗Ψ , (4)
where g is the string coupling constant and
√
α′ is the string tension. This action is gauge invariant under the following
gauge transformations
Ψ→ Ψ+QΛ+ Ψ ∗ Λ − Λ ∗Ψ , (5)
whereas the finite gauge transformations for string field theory can be written as
Ψ→ e−Λ(Ψ +Q)eΛ . (6)
The star product smears out the interaction over the string length. Thus, for a particle field in the string field theory
spectrum, the interactions will have a non-local interaction term due to this smearing [60, 61]. This is because the
interaction term of the string field theory, which contains a star product, produces non-local interactions for the
component fields. However, it is possible to use redefined fields, such that the interaction have the usual polynomial
4form, and the kinetic part of the field picks up this non-local contribution [62, 63]. Thus, it is possible to write the
non-local action for the level zero modes of string field theory as [18, 19]
S =
∫
d4x
√−g
[
M2p
2
R+
1
gα′2
(
α′ξ2
2
φφ+
1
2
φ2 − V (eα′κnφ)
)]
, (7)
where g is the determinant of the metric gµν ,  = ∇µ∇µ = ∂µ(√−ggµν∂ν)/√−g, Mp is the Planck mass, φ is the
scalar field, κn the non-local coupling constant, and V is the potential. It is then possible to rewrite this action in
dimensionless variables as [22, 23],
S =
∫
d4x
√−g
(
M˜2p
2
R+
ξ2
2
φφ+
1
2
φ2 − V (Φ)
)
, (8)
where φ is a dimensionless scalar field, which is used to define an effective scalar field as Φ = eκφ, M˜2p = gα
′M2p and
κ = α′κn. The Friedmann-Lemaˆıtre-Robertson-Walker (FLRW) metric in Cartesian coordinates
ds2 = −dt2 + a2(t) (dx2 + dy2 + dz2) , (9)
where t is the cosmological time and a(t) the scale factor. As we are considering a spatially homogeneous configuration,
the Beltrami-Laplace operator takes the form  = −∂2t − 3H(t)∂t, where H(t) = a˙(t)/a(t) is the Hubble parameter.
Note that dots mean diferentiation with respect to the cosmic time t. For simplicity, we will also use the notation
D2 = − = ∂2t + 3H(t)∂t. The extra term 3H(t)∂t appears due to the curved spacetime and the choice of the
Levi-Civita connection acting on the covariant derivative, as in Genereal Relativity.
Varying the action (8) with respect to the scalar field φ (using the definition of the effective scalar field Φ), we
obtain the following equation of motion
(1 − ξ2D2)e2κD2Φ = V ′(Φ) , (10)
here dΦ/dφ = e−κD
2
has been used and primes denote differentiation with respect to the effective scalar field Φ. The
above equation is a modified Klein-Gordon equation.
The Friedmann equations can be obtained by varying the action (8) with respect to the metric and then replace
the FLRW metric (9), yielding [22, 23, 70]
3H2 =
1
M˜2p
Etot , 2H˙ + 3H2 = − 1
M˜2p
Ptot , (11)
where the subscript “tot” indicates the sum of both local and non-local contributions to the energy density and
pressure. Therefore, due to the star product of string field theory, there is an additional non-local contribution to the
energy density and the pressure, namely [23, 70]
Etot = Ek + Ep + E˜1 + E˜2 , Ptot = Ek − Ep − E˜1 + E˜2 , (12)
where Ek = ξ2(∂tφ)2/2, Ep = − φ2 + V (Φ)/2, and
E˜1 = κ
∫ 1
0
d̺
(
e−κ̺D
2
V ′(Φ)
)(
D2ek̺D2Φ
)
, (13a)
E˜2 = −κ
∫ 1
0
d̺
(
∂te
−κ̺D2V ′(Φ)
)(
∂te
κ̺D2Φ
)
. (13b)
Now substituting Eq. (10) into the above equations, we obtain
E˜1 = κ
∫ 1
0
d̺
(
(−ξ2D2 + 1)e(2−̺)κD2Φ
)(
D2eκ̺D2Φ
)
, (14a)
E˜2 = −κ
∫ 1
0
d̺
(
∂t(−ξ2D2 + 1)e(2−̺)κD2Φ
)(
∂te
κ̺D2Φ
)
. (14b)
Using Eq. (11), it is possible to obtain the time evolution of the Hubble parameter, which is
H˙ = − 1
2M˜2p
(Ptot + Etot) . (15)
5Then, by substituting Eqs. (14a) and (14b) into Eq. (12) and then by integrating the second Friedmann equation (15),
it is possible to get
H = − 1
M˜2p
∫ t
0
dt′
[
ξ2
2
(∂t′φ)
2 − κ
∫ 1
0
d̺
(
∂t′(−ξ2D2 + 1)e(2−̺)κD2Φ
)(
∂t′e
κ̺D2Φ
)]
. (16)
To solve this equation, we need to deal with the non-local operator ek̺D
2
. To do this, we can follow the same
approach done in [23], where the authors assumed an ansatz for the effective scalar field, and use it to obtain an exact
solution for the Hubble parameter. After finding this exact solution, one can then use the Klein-Gordon equation (10),
to find out the form of the potential.
Before going further more, let us briefly discuss the properties and conditions that our definitions should obey. By
acting the exponential operator, i.e. eκ̺D
2
, on a specific arbitrary function F (t), one finds a solution which looks
like a diffusive partial differential equation with corresponding initial and boundary conditions. According to [23], we
then require the following conditions,
∂
∂̺
F (̺, t) = D2F (̺, t) , F (0, t) = F (t) , F (̺,±∞) = F (±∞) , (17)
where −∞ < t < +∞ and ̺ > 0. One can obtain that the exponential operator acts as eκ̺D2F (t) = F (̺, t), and
then, such solution exists and is unique for wide classes of the Hubble parameter and F [70]. We can then follow the
same idea done in [23] by assuming the following ansatz which satisfies the above conditions:
F (̺, t) = Φ(̺, t) = αneβ̺tnq , (18)
where α, β, q and n are the parameters of the model that will be fitted afterwards using data from observations.
Considering this ansatz, one can easily solve Eq. (16) for the Hubble parameter, yielding
H(t) =
(
nqαneβ
)2 (
2κ
(
ξ2 − β)+ ξ2)
2M˜2p(1− 2nq)
t2nq−1 . (19)
Let us here remark that we will further assume that n 6= 1/(2q) since this specific case is another branch of solution
which gives a different Hubble parameter. Now, we can replace this expression into the Eq. (10), and obtain the
potential,
V (t) =
e2βα3n
3M2p
[
9(n2q2αneβξ)2
(
2κ(ξ2 − β) + ξ2)
5nq − 2 t
5nq−2 + M˜2p(2nq − 1)
(6n2ξ2q2(1− 2nq)
3nq − 2 t
−2+3nq + t3nq
)]
. (20)
Here again we further assumed that n 6= 2/(3q) 6= 2/(5q) since they are different branches for the model. Now
Eqs. (19) and (20) are exact solutions of our model for the ansatz assumed. In the next section we are going to
investigate the slow-roll conditions to obtain the time for the horizon exit te and consequently Φ at the horizon exit.
In fact, since the first slow-roll parameters are defined based on the acceleration, which contains time derivatives
of the Hubble parameter, we expect that in the end of the inflationary phase, they should be equal to the unity.
Consequently, by virtue of the e-folding definition, the time at the horizon exit can be calculated as well.
III. SLOW-ROLL NON-LOCAL STRING FIELD INFLATION
Now we can use the non-local solution obtain from string field theory to analyze the observational constraints on
inflation in string field theory. In order to investigate the observational constraints from the inflationary era, we
introduce the first, and second slow-roll parameters, which are defined as
ε1 := − H˙
H2
=
(M˜p(1− 2nq)
nqαneβ
)2 2
(2κ (ξ2 − β) + ξ2) t
−2nq , (21)
ε2 :=
ε˙1
Hε1
≡ H¨
HH˙
− 2H˙
H2
=
4(2nq − 1)M˜2p
nq(αneβ)2 (2κ (ξ2 − β) + ξ2) t
−2nq . (22)
As mentioned before, the time of the end of inflation te can be obtained by equating ε1 to one, giving
te =
( √
2M˜p(2nq − 1)
αneβnq
√
2κ (ξ2 − β) + ξ2
)1/(nq)
. (23)
6Now from the ansatz (18), one notices that the effective scalar field can be written as t(Φ) = (Φ/α)1/(nq), and then
by using the definition introduced in (21), it follows that in terms of the effective field potential, the first slow-roll
parameter can be expressed as
ε1 =
M˜2p
2
V ′2(φ)
V 2(φ)
. (24)
In calculations related to the power spectrum and spectral indices, it is also useful to introduce another slow-roll
parameter defined in terms of the potential as:
η := M˜2p
V ′′(Φ)
V (Φ)
, (25)
=
6M2p(2nq − 1)
Φ2
(
3(eβnξqαn)2
[
2k(ξ2 − β) + ξ2] (Φα )2)− 2M˜2p [(nq − 1)(2nq − 1)ξ2 + (Φα ) 2nq ]
9e2β(eβn2q2ξαn)2[2k(ξ2−β)+ξ2]
5nq−2
(
Φ
α
)2 − M˜2p [ (1−2nq)2(nqξ)23nq−2 + (1− 2nq) (Φα ) 2nq ] . (26)
The amount of cosmic expansion during inflation is measured through the number of e-folding N , defined as
N =
∫ te
t⋆
H(t) dt =
nq(eβαn)2
[
ξ2 + 2κ
(
ξ2 − β)+ ξ2]
4M˜2p(1− 2nq)
(
t⋆
2nq − te2nq
)
, (27)
where t⋆ is the time at the horizon crossing, and we have used (23) to introduce the time of the end of inflation te.
One can further invert the above equation to obtain t⋆ in terms of the e-folding numbers, which yields in
t⋆ = α
−1/q
(
4e−2βM˜2pN
nq (2κ(β − ξ2)− ξ2) −
8e−2βM˜2pN
2κ(β − ξ2)− ξ2 + (αt
q
e)
2n
)1/(2nq)
. (28)
To avoid having a cumbersome expression, we have just wrote t⋆ in terms of N and the time of the end of inflation
te, however, when one wants to use this expression to constrain the model using data, one would need to replace the
value of te expressed in Eq. (23).
IV. SCALAR PERTURBATIONS AND POWER-SPECTRUM IN NON-LOCAL STRING FIELD
INFLATION
In this section, we will derive the most important observable quantities in inflation, the power-spectrum, tensorial
spectral index and the tensor-to-scalar ratio. Since our theory can be rewritten as a particular scalar tensor theory in
an Einstein frame, the computation is standard. For more details about this, see [71]. First, we start by perturbing
the scalar field around a homogeneous background,
Φ(t,x) = Φ0(t) + δΦ(t,x) . (29)
Then, we need to take perturbations for the metric. In the longitudinal gauge, the perturbed metric is usually written
as
ds2 = −(1 + 2A(t,x))dt2 + a2(t)(1− 2Ψ(t,x))δijdxidxj , (30)
where we denoted the two scalar perturbations by A(t,x) and Ψ(t,x). For a diagonal energy-momentum tensor (no
fluxes, or heat), δT ij ∝ δij , one can conclude that A(t,x) = Ψ(t,x). It is important to note that this equation also
holds for this string field theory since we only have that the scalar field is minimally coupled to gravity, i.e., our
theory can be understood as being working in an Einstein frame. In other theories, one can get a gravitational slip
equation where A(t,x) 6= Ψ(t,x). For more discussion about this, see [72].
By perturbing Eq. (10) and then using (29) in the momentum space and conformal time τ =
∫
dt/a(t), one gets
the following Mukhanov equation,
(∂2τ + |k|2)e2κ(∂
2
τ+2
dτa
a
+|k|2)vk − ∂
2
τz
ξ2z
vk = 0 , (31)
7where vk = aδΦ, and ∂
2
τz/z = ξ
2(aH)2 (2− 3η + 2ε1) is the well-known Mukhanov-Sasaki variable, or minus mass
square factor. The solution of this equation is equivalent to the quantization of a free scalar field, vk with a time
dependent mass in a flat spacetime (Minkowski) [71]. To obtain the above equation we have used d2τa/a = (aH)
2(2−ε1)
and ∂2τV ≈ 3H2(η + ε1) − 1. One should note that to find the final expression in the Mukhanov-Sasaki variables,
besides these definitions, we needed to take into account the background perturbation ξ2(aH)2(6ε1).
Using the quantum field δΦ, one can write down the Fourier transformation of the inflaton fluctuation as
δΦ(t,x) =
∫
d3k
(
√
2π)
3 e
ik·xσk(t) , (32)
where
σk(t) = akδΦk(t) + a
†
−kδΦ
∗
−k(t) , (33)
and the mode functions δΦk(t) are given by
vk = aδΦ =
1
2
ei
π
2
(ν+ 1
2
)
√
π
aH
H(1)ν
( k
aH
)
. (34)
These mode functions usually can be determined by using its standard relationship with curvature perturbation, say
ζ, namely vk ≡ zζ, and ζ is the curvature perturbation given by ζ = A +H δΦ/Φ˙0. Here, based on the Mukhanov
variable definitions and (34), the order of the Hankel functions becomes
ν2 − 1
4
≈ ξ2(2− 3η + 2ε1) . (35)
The spectrum of curvature perturbation is then defined as
Ps = k
3
2π2
|ζ|2 = k
3
2π2
∣∣∣vk
z
∣∣∣2 . (36)
On superhorizon scales |kτ | ≪ 1, the Henkel function asymptotically behaves as
lim
−kτ→∞
H(1,2)ν (x) =
√
2
π
1√
2k
e∓(ikτ+δ) , δ =
1
2
(
ν +
1
2
)
. (37)
Then, the spectrum of curvature perturbation on superhorizon scales will be
Ps = P0sΓ0 ×
(
H
2π
)2 (
k
aH
)3−2ν
, (38)
where P0s is a constant that should be determine using observations and
Γ0 =
(
2ν−
3
2Γ(ν)
Γ(3/2)
)2
. (39)
Now from Eq. (38) one can immediately read the scalar spectral index,
ns − 1 = 3− 2ν . (40)
We can then define the tensor power spectrum Pt as
Pt := 2
M˜2p
(
H
π
)2
, (41)
and then, the tensor spectral index, nt
nt :=
d lnPt
d ln k
. (42)
Finally, the tensor-to-scalar ratio will be the quotient between the power spectrums,
r :=
Pt
Ps . (43)
This quantity is a a direct measure of the energy scale of inflation (around GUT energy scales), and based on
cosmological observations by Planck-2018, it is known an upper bound on it as, r < 0.064, and there is still some
uncertainty on its the direct measurement [68, 69].
8V. CONSTRAINTS ON THE MODEL WITH PLANCK DATA SETS AND HORIZON EXIT
INVESTIGATIONS
We will now use the results found in the previous sections for our proposed non-local string field theory model,
to observationally constrain the parameters. To do this, we will use observational data from Planck 2013, 2015 and
2018 satellites. These data sets have been widely used to constrain or even rule out possible theoretical predictions
of different inflationary models. The most important set of inflationary parameters are then displayed in Table I.
One of the most remarkable predictions of the standard inflationary models is to predict the non Gaussianity of
the power-spectrum and quantum perturbations due to initial bangs [73–84]. Amongst these fluctuations, the scalar
perturbations are considered as the cornerstone and the primary seeds leading to large structure formation [38, 85].
In addition to these, obviously, the tensor perturbations can be interpreted as a source of the gravitational waves [86–
96]. During the inflationary epoch, these perturbations can stretch out the horizon and remain invariant due to
its scale invariant property. The observational data has almost shown an scale invariant spectrum for the curvature
perturbations [68]. This scale invariant feature is described from the scalar spectral index ns appearing in the exponent
of the spectrum of curvature perturbations, that can be written using (38) and (40) as
Ps = A2s
(
k
aH
)ns−1
, (44)
where A2s is the amplitude of the scalar perturbations at the horizon exit, te, say k = aH [68, 69]. For the choice of
ns = 1, the amplitude of scalar perturbation is exactly scale invariant, however, the latest observational data coming
from combining Planck with the WMAP polarization data, implies that ln
(As × 1010) ≈ 3.044 ± 0.014 and ns =
0.9649± 0.0042. This means that observations have taught us that there is not a scale invariant perturbation [68, 69].
To measure the tensor perturbations, the usual indirect procedure is to considering the parameter tensor-to-scalar
ratio defined in (43).
Now we will examine the if our model can predict inflation according to current cosmological data. To do this, we
will need to find suitable free parameters of the model and then constrain them accordingly. In doing so, we first need
to rewrite all our equations based on the horizon exit time t⋆, that in our model is given in Eq. (28). This equation
can be explicitly written only in terms of the e-folding if one replaces Eq. (23) into Eq. (28), yielding
t⋆(N ) = α−1/q
(
2e−2βM2p(2nq − 1)
(
2αnN q + α2n(2nq − 1))
αn2q2 (2k (ξ2 − β) + ξ2)
)1/(2qn)
. (45)
Let us start rewriting the power spectrum equation (38) at the horizon exit, which becomes
P0s = P⋆s
(
2ν
⋆− 3
2 Γ(ν⋆)
Γ(3/2)
)−2 (
H⋆
2π
)−2
. (46)
Note here that we use the superscript ⋆ to indicate the horizon exit. Hereafter, we will consider that the observed
value of the power spectrum is P⋆s = 2.17 ∗ 10−9, and P0s can be estimated by using data. Now, using (45), one finds
that the slow-roll parameters (22) and (25) become
ε⋆1(N ) =
(Mp(1− 2nq)
nqαneβ
)2 2
(2κ (ξ2 − β) + ξ2) t
−2nq
⋆ , (47)
η⋆(N ) =
6M˜2p(2nq − 1)
(
3(eβnξq)2
(
2k
(
ξ2 − β)+ ξ2) (αtq⋆)2n + M˜2p (t2⋆ − 2ξ2(nq − 1)(2nq − 1)))
(αtq⋆)
2n
(
9(eβn2ξq2)2(2k(ξ2−β)+ξ2)
5nq−2 (αt
q
⋆)
2n
+ M˜2p(2nq − 1)
(
6(nξq)2(1−2nq)
3nq−2 + t
2
⋆
)) . (48)
Therefore, using Eqs.(35), (40), (47) and (48)), one can easily find the power spectral index at the horizon crossing
time, which becomes
n⋆s − 1 = 3− 2
(
1
4
+ ξ2(2− 3η⋆ + 2ε⋆1)
)1/2
. (49)
Now for the tensorial parameters, one can use Eqs. (50) and (51), to get the tensorial power spectrum and the spectral
9n α t⋆ te Γ0 β = κ ns r ∗ 10
−9 ǫ⋆1 η
⋆
0.02 0.31 11.7939 0.0152652 1.02989 0.18 0.960136 0.90595 0.000868499 0.0986662
0.021 0.32 17.6184 0.0555765 1.02535 0.19 0.966059 1.89603 0.0016062 0.10164
0.022 0.32 19.8509 0.103392 1.04208 0.2 0.944485 2.30056 0.0021761 0.0929556
TABLE I: To estimate the free parameters of the model we considered Planck 2018 data set and used the results of Fig.1.
index,
P⋆t =
2
M˜2p
(
H⋆
π
)2
, (50)
n⋆t =
d lnPt
d ln k
∣∣∣
t⋆
= −
(M˜p(1 − 2nq)
nqαneβ
)2 4
(2k (ξ2 − β) + ξ2) t
−2nq
⋆ . (51)
For the definition of the tensor-to-scalar ratio (see Eq. (43)), we also trivially find that,
r⋆ =
P⋆t
P⋆s
. (52)
Now, we have all the ingredients to analyze if our model can predict inflation or not. In Fig. 1, we constrain the
parameters q and ξ which comes from our model. This is done using Planck 2018 observational data, which is
summarized in Table I. The r − ns diagram for our model is displayed in Fig. 2, whereas the dns/dlnk − ns diagram
is shown in Fig. 3. One can see from these plots, that our model can fit the data from Planck, and then describe the
inflationary era.
FIG. 1: This plot shows a set of (q, ξ) pair that can give the best fitted values based on the (r − ns) diagram originated from
Planck 2018 observational data. Here the dark blue color shows the results for 68% CLs of Planck 2015 data.. To plot this
diagram we considered the results of Table I and M˜p = 1.
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FIG. 2: The r − ns diagram shows Prediction of the theoretical results in non-local string field for free parameters of Table
1, Mp = 1 and N = 65, in comparison to the observational data risen by Planck 2013, 2015 and 2018 data sets. In the
left figure, the likelihood of Planck 2013 are indicated with grey contours, Planck TT+lowP with red contours, and Planck
TT,TE,EE+lowP (2015) with blue contours. And in the right panel, the results of Planck 2018 are indicated by dark and light
blue colours referring 68% and 95% confidence levels respectively. In both figures the thick black lines refers the predictions of
theoretical results in which small and large circles are the values of ns at the number of e-folds N = 60, N = 65 respectively.
FIG. 3: This is the dns/dlnk − ns diagram which indicates the running of the parameter ns. In this figure the thick black
line depicts the predictions of our model in which small and large circles are the value of ns at the number of e-fold N =
60, and N = 65 respectively. To plot this diagram we used the free parameters of table I, Mp = 1, N = 65. In this diagram
the grey contours indicated for likelihood of Planck 2013, Planck TT+lowP showed with red contours and the blue contours
considered for Planck TT,TE,EE+lowP (2015).
VI. CONCLUSION
In this paper, we have used string field theory and then analyse the possibility of explaining inflation within this
model. This theory is based on a non-local tachyonic action. The non-locality of the action makes computations
complicated, but one can introduce an effective scalar field to rewrite the action in a neat way and then, computations
become much simpler. The flat FLRW cosmological equations are employed as the background cosmological equations
and after imposing some ansatz for the boundary conditions and the form of the model (power-law form of the cosmic
time). Thus, it is possible to write exact cosmological equations for the Hubble parameter and the potential. We
use these for performing scalar cosmological perturbations with the aim of finding out the standard inflationary
parameters. It was observed that the perturbation in the background metric could produce a Mukhanov-Sasaki like
equation, and so the standard cosmological perturbation theory has be used for this model. Thus, we calculated
the slow-roll parameters for this non-local cosmological model, and then we also explicitly found the most important
inflationary parameters, i.e., the scalar and tensor power spectrum, their related indices, and the tensor-to-scalar
ratio. Then, we used cosmological data from Planck data set to constraint the free parameters in this model. The
most important results of this papers are summarized in Figs. 1-3 where we constrain our parameters using the recent
cosmological data sets and plot the corresponding inflationary parameters. It is then found that this model can
explain the current observations coming from the early universe, as an inflationary phase of the Universe.
Let us note that the model that we investigated is not artificial at all. Rather, it actions comes from considering
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second quantized strings which ends up being a non-local action for the zero level modes from string field theory. It
is then interesting to note that inflation can be explained within this well-motivated theoretical model. It would be
interesting to further generalise this study with other possible observational constrains that one can use from other
situations like for example gravitational waves. One way of doing this would be to take tensorial perturbations for
the FLRW metric and compute the velocity of the propagation of gravitational waves cT , and then constraining this
value to the speed of light. This is nowadays one of the most important constrains coming from LIGO [97], and many
theories have been partially ruled out due to this constrain. Another important route would be to analyse other
properties of gravitational waves such as its polarization or even analyze if is possible to generate wave forms of this
model, for example for binary merger of black holes or neutron stars. These studies will be performed in the future.
It may be noted that gravitational waves can be produced from scalar perturbations [98, 99]. The production of
such gravitational waves from scalar perturbations has also been studied in a string axion inflationary cosmology
[100]. It was demonstrated in such a study that the non-perturbative effects can produce correction to the original
axion potential. It was also observed that this model of inflationary cosmology matches the Planck observations. This
corrected axion potential also produced short distance enhancement in the scalar power spectrum. The production
of gravitational wave during inflation has been studied in type IIB string theory [101]. It has been suggested that it
might be possible to observe these gravitational waves. It has been demonstrated that chiral gravitational waves can
be produced because of the axion-gauge field coupling, in such models. As the production of gravitation waves during
inflation has been studied in string theory, it would also be interesting to study the production of gravitational waves
due to scalar perturbations in string field theory.
It may be noted that heterotic string field theory has also been constructed [102, 103]. The tree level effective
action of the heterotic string has been studied [104]. It has been demonstrated that the light fields are charged under
an N = 2 R-charge in the left-moving sector. The Neveu-Schwarz sector of heterotic string field theory has also
been constructed [105]. It has been demonstrated that the action for the heterotic string field theory has a novel
nonpolynomiality, and contains terms terms needed to cover missing regions of moduli spaces [106]. Inflation has been
studied in heterotic string theory using non-perturbative effects [107]. The stabilization of modulus associated to the
inflaton has also been discussed in heterotic string theory [108]. Thus, it is possible to study inflation in heterotic
string theory. As heterotic string field theory has been constructed, it would be interesting to analyze inflation in
heterotic string field theory. It would thus be interesting to find the the slow-roll parameters for a inflationary model
constructed from heterotic string field theory. We can then obtain the scalar and tensorial power spectrum, their
related indices in heterotic string field theory. It would also be interesting to use cosmological data from Planck 2018
to constrain the free parameters in this model of inflationary cosmology.
It may be noted that as the T-duality is an important symmetry in string theory, it is possible to define a generalized
geometry based on string theory, which is manifestly invariant under T-duality [109–112]. It has been possible to
construct models of cosmology based on this generalized geometry [113–116]. It has also been possible to obtain α′
correction to these cosmological models using double field theory [117]. It is also possible to analyze the T-duality of
string field theory [118]. It would be interesting to construct a cosmological model using T-duality of string theory.
This cosmological model can then be used to study inflation. In fact, it would be interesting to analyze inflationary
cosmology using the generalized geometry, with manifest T-duality. Thus, it would be interesting to construct the
slow-roll parameters for a inflationary model in generalized geometry. It is expected that the manifest T-duality of such
a geometry will produce non-trivial effects for inflationary cosmology. So, it is expected that the manifest T-duality
of generalized geometry can have non-trivial consequences for the scalar and tensorial power spectrum of inflationary
cosmology. As string theory can produce interesting results for the production of gravitational waves during inflation
[100, 101], it would be interesting to analyze the production of such gravitational waves using generalized geometry.
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